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STAVROS HADJIMILTIADES, MD, ROBERT WATSON. MD. A-HAMID HAKKI, MD, FACC, 
JAEKYEONG HEO, MD, ABDULMASSIH S. ISKANDRIAN. MD. FACC 
Philaci&hin. P~~ttttsyl~wt~ki 
This study examined the relation between the kinetics of 
thallium-201 and coronary stenosis in 30 patients with one 
vessel coronary artery disease; 25 patients had no visible 
collateral vessels. The myocardial thallium concentration in 
the postexercise images and percent washout were deter- 
mined in the distribution of the diseased vessel and a 
normal vessel, and each was expressed as a ratio. Coronary 
stenosis was assessed as minimal diameter stenosis, minimal 
area stenosis and percent diameter stenosis. 
The correlations between the myocardial concentration 
ratio or washout ratio and the descriptors of coronary 
stenosis improved when the patients with collateral vessels 
were excluded. There were significant correlations between 
the myocardial thallium concentration ratio and minimal 
diameter stenosis (r = 0.73, p < O.OOl), minimal area 
stenosis (r = 0.72, p < 0.001) and, to a lesser degree, 
Recent studies (1.2) show that the conventional method of 
interpreting coronary angiograms, based on percent diame- 
ter stenosis. is not ideal for assessing the physiologic signif- 
icance of coronary artery stenosis. The use of minimal 
diameter stenosis has been reported (3) to be a better method 
to predict the effect of stenosis on coronary blood flow. 
especially in patients with multivessel disease and ditfuse 
arteriosclerosis. Exercise thallium-201 imaging is being used 
extensively to detect hemodynamically significant coronary 
stenosis, but has not been adequately studied in a quantita- 
tive fashion as a marker of the severity of coronary stenosis. 
In addition, there is a lack of clinical studies demonstrating 
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percent diameter stenosis (r = -0.51, p < 0.01). Similarly, 
there were significant correlations between washout ratio 
and minimal diameter stenosis (r = 0.50, p < 0.01) and 
minimal area stenosis (r = 0.45, p < 0.02) hut not percent 
diameter stenosis (r = 0.37, p = 0.06). 
Thus, variation in thallium kinetics in relation to the 
severity of coronary stenosis can he demonstrated with 
conventional imaging in patients with one vessel disease. 
The myocardial thallium concentration and washout are 
physiologic expressions of the severity of perfusion deficit 
and are dependent on collateral flow. The myocardial 
thallium concentration ratio and washout ratio correlate 
better with minimal diameter and area stenosis than with 
percent diameter stenosis. 
(J Am Co11 Cardiol1989;13:1301-8) 
the relative merits of percent diameter stenosis and minimal 
diameter stenosis in relation to the severity of a thallium-201 
perfusion deficit. 
Thallium-201 has been known to distribute initially after 
its intravenous injection to various areas of the myocardium 
according to the regional blood flow (4.5). Clinical and 
experimental data (6.7) show that areas of myocardium 
subserved by stenotic coronary arteries have an abnormality 
in initial thallium uptake (less uptake than that in adjacent 
areas subserved by normal coronary vessels) or have an 
abnormality in washout kinetics (slower washout than that in 
normal areas). Experimental work (8) in dogs demonstrated 
the feasibility of using thallium-201 imaging to detect the 
magnitude of relative flow changes associated with exercise. 
The purpose of this study, therefore. was to compare the 
severity of perfusion deficit and washout abnormality with 
the severity of coronary stenosis. In this study, the severity 
of coronary stenosis was assessed quantitatively as percent 
diameter stenosis, percent area stenosis. minimal diameter 
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Table 1. Stenotic Coronary Dimensions and Quantitative Exercise Thallium-201 Results in 30 Patients With One Vessel Disease 
Cross- 
Col- 
Sectional 
Exer lateral Diam- Ste- 
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Pt Gender/ Heart Chan- Stenosis eter nosis Stenotic Normal Ste- Nor- MTC WO 
No. Age (yr) LVH Therapy Rate nels Location (SC) Area Vessel Vessel nosis mal Ratio Ratio Proj 
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4 M/55 
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6 F/61 
1 F/65 
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t 
LAD- 1 68 90 0.92 
LAD- 1 64 87 0.59 
LAD-I 80 96 0.56 
LAD-I 82 97 0.48 
LAD-I 84 97 0.45 
LAD-l 82 97 0.44 
LAD-2 64 87 I .05 
LAD-2 63 86 1.05 
LAD-2 74 93 0.75 
LAD-2 75 94 0.55 
LAD-2 78 95 0.45 
LAD-2 90 99 0.28 
LAD-2 53 78 1.00 
LAD-3 66 88 0.91 
LAD-3 57 82 0.84 
LAD-3 68 89 0.75 
LAD-3 69 90 0.64 
LAD-3 70 91 0.54 
LAD-3 86 98 0.19 
LCX 61 84 I.11 
LCX 62 86 0.83 
LCX 68 89 0.62 
LCX 79 95 0.52 
LCX 79 96 0.47 
LCX 77 94 0.45 
RCA 53 78 1.28 
RCA 77 95 0.97 
RCA 74 93 0.85 
RCA 76 94 0.76 
RCA 71 92 0.58 
2.89 0.68 6.59 0.72 0.94 65” 
I .65 0.28 2.15 0.45 0 30” 
2.72 0.24 5.82 0.74 0.78 65” 
2.68 0.18 5.90 0.45 -0.14 Ant 
2.86 0.17 6.43 0.66 0.27 30” 
2.38 0.15 4.45 0.77 1.10 65 
2.95 0.87 6.86 0.98 0.87 30 
2.85 0.88 6.43 0.78 0.86 65 
2.91 0.44 6.65 0.82 0.83 30 
2.24 0.24 3.96 0.52 0.53 30” 
2.04 0.16 3.30 0.76 0.46 30 
2.16 0.07 6.25 0.68 0.28 30” 
2.11 0.79 3.51 0.82 0.57 65” 
2.66 0.65 5.62 0.80 0.61 65 
1.97 0.56 3.06 0.76 0.83 30 
2.35 0.46 4.37 0.64 0.99 65” 
2.03 0.32 3.25 0.82 0.52 65” 
1.79 0.23 2.59 0.57 0.83 30” 
I .40 0.03 1.54 0.84 1.31 65” 
6.86 I.16 2.95 0.89 0.66 30 
2.20 0.54 3.80 0.70 0.95 65” 
1.90 0.30 2.85 0.62 I.13 30” 
2.52 0.23 5.05 0.61 0.61 65” 
2.28 0.17 4.10 0.62 0.46 65” 
I .94 0.17 2.97 0.62 0.27 30” 
2.12 1.30 5.84 0.87 0.89 65” 
4.29 0.75 15.14 0.69 0.94 Ant 
3.32 0.57 8.67 0.68 0.74 65” 
3.13 0.46 7.70 0.72 0.46 Ant 
2.00 0.26 3.14 0.74 0.70 65” 
Ant = anterior: BB = beta-adrenergic blocking agent: CB = calcium channel blocker; Exer = exercise: F = female; LAD = left anterior descending coronary 
artery; LAD-l = stenosis located proximal to the septal and major diagonal branches; LAD-2 = stenosis located between the major septal and diagonal branches; 
LAD-3 = stenosis located distal to the major diagonal and septal branches but still at the proximal third of the vessel; LCx = left circumflex coronary artery; 
LVH = left ventricular hypertrophy by electrocardiographic criteria; M = male; MTC = myocardial thallium concentration; Proj = projection of thallium image 
utilized for the calculation of the thallium concentration and washout ratios (30” = 30” left anterior oblique; 65” = 65” left anterior oblique): Pt = patient; RCA 
= right coronary artery; WO = washout; - = absent; + = present. 
stenosis and minimal area stenosis. We also selected patients 
with one vessel coronary artery disease so that the contra- 
lateral normal myocardium could be used for comparison. 
Methods 
Study patients. The patient group consisted of 30 consec- 
utive patients with stable angina pectoris of ~12 months’ 
duration who had single vessel coronary artery disease 
determined by coronary arteriography and who underwent 
exercise thallium-201 myocardial scintigraphy within 2 
months of arteriography. Patients with a history of electro- 
cardiographic (ECG) evidence of prior myocardial infarction 
or those with akinesia or dyskinesia on contrast ventriculog- 
raphy were excluded. The contrast angiographic left ventric- 
ular ejection fraction was >50% in all patients. For the 
purposes of the study, patients were considered as having 
single vessel disease when, by visual inspection, one major 
coronary artery had 250% diameter stenosis and there was 
no evidence of disease in the two major arteries of diffuse 
nature or a discrete stenosis >40%. No patient had total 
occlusion of a single vessel. The left main coronary artery 
was normal in all patients. Coronary arteriography was 
performed after the results of exercise testing were known in 
some patients; in others, the exercise studies were used to 
assess the presence and extent of myocardial ischemia after 
the results of coronary angiography were known. 
The stenosis was located in the proximal third of the left 
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anterior descending coronary artery in 19 putients (in 6 it 
was proximal to the first septal and first diagonal branches, 
in 7 it was distal to the first septal and first diagonal branches 
and in the remaining 6 patients. it was between these two 
branches) (Table 1). The stenosis was located in the proxi- 
mal third of the left circumflex artery in six patients and in 
the proximal half of the right coronary artery in five patients. 
Four patients with left anterior descending artery disease 
and one with right coronary artery disease had angiographi- 
tally visible collateral channels. 
Of’thc 30 putients, 25 uchieved un udequute exercisc~ end 
point. defined as the development of typical angina or ST 
segment depression 21 mv 80 ms after the J point or 
achievement of ~8.5% of the maximal predicted heart rate. 
Five patients were not taking any antianginal medication 
during the stress test. 23 were receiving nitrate or calcium 
channel blocking agents, or both. and 22 were receiving a 
beta-adrenergic blocking agent. Of 10 patients with a history 
of hypertension. 4 had ECG evidence of left ventricular 
hypertrophy (Table I). 
Quantitative exercise thallium-201 scintigraphy. Patients 
underwent symptom-limited treadmill exercise testing with 
use of the Bruce protocol. At peak exercise. 2 mCi (74 MBq) 
of thallium-201 was injected intravenously and the patient 
exercised for 1 min more before termination of the exercise. 
Myocardial imaging was started within 10 min after injection 
and repeated 4 h later. Images were obtained in the anterior 
and 30” and 65” left anterior oblique projections: delayed 
images were acquired for the same time period required to 
record the initial images. The initial images contained 
500.000 counts in the entire field of view. 
Scintigruphk irnuges bt’ere subjected to smoothing, intrr- 
polutive background .suhtriiction und circumferential profile 
undysis (9-151. A circle was drawn around the perimeter of 
the images, and the radii were extended from the center of 
the circle to the perimeter at 6” intervals. The maximal 
counts along each radian were plotted against its angular 
location (Fig. 1). The projection showing the maximal differ- 
ence in initial counts between normal and abnormal zones 
was utilized (the 10” left anterior oblique view was used in 12 
patients, the 65” left anterior oblique view in IS and the 
anterior projection in 3) (Table 1). In the selected projection. 
the average counts over a 45” sector in the distribution of a 
normal area and a 4s” sector in the distribution of the 
diseased vessel were calculated (so-called myocardial thal- 
lium concentration). These two sectors were selected to 
include the highest and lowest counts, respectively. and 
were 135” to 180” apart. A 45” sector was selected to provide 
a reasonable area of myocardium in the territory of the 
diseased vessel and yet away from the apex and valve plane. 
Thallium scans were interpreted without knowledge of the 
coronary arteriographic data: as indicated earlier, however, 
all patients were selected on the basis of angiographic 
demonstration of one vessel disease. The valve plane was 
- POSTEROUTERAL SEPTUM 
I I I I 
Figure 1. ii, Coronary angiograms in the left (LAO) and right 
(RAO) anterior oblique projections showing severe proximal steno- 
sis of the left anterior descending coronary artery (arrows). Average 
stenosis diameter was 0.75 mm and minimal stenosis area was 0.44 
mm’. Normal vessel diameter was 3.6 mm and the percent diameter 
stenosis was 79%. Initial and delayed thallium images (bottom) show 
a reversible anteroseptal perfusion abnormality (arrows). B, The 
average thallium counts (solid line) were 89 in the abnormal area and 
140 in the normal (ratio 0.63). The washout (dotted line) was 17% in 
the abnormal area and 36% in the normal area. The ratio of washout 
of the abnormal to normal area was 0.47. The curves start at the apex 
of the left ventricle and proceed in a counterclockwise fashion. 
excluded: the apex was also excluded to avoid the problem 
of normal apical thinning. 
THYI pe$r.sion indexes \tlere derived: the myocardial 
thallium concentration (MTC) ratio and the washout (WO) 
ratio (Fig. 1): 
MTC Ratio = 
initial MTC in the abnormal segment 
initial MTC in the normal segment 
r7 Washout = initial MTC - delayed MTC x ,oo, ,< 
initial MTC 
WO Ratio = 
5% washout in the abnormal segment 
% washout in the normal segment 
Quantitative coronary arteriography. Coronary arteriog- 
raphy was recorded on 35 mm tine film (VariCath II) with an 
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8 or 6 in. (20.3 or 15.2 cm) intensifier at 30 frames/s. For 
analysis of the coronary stenosis, two coronary tine frames 
were selected that met the following criteria: 1) the frames 
displayed the least severe and the most severe degree of 
stenosis and an adjacent normal segment clearly, without 
foreshortening; 2) they were obtained at mid- to end-diastole 
(to avoid any blurring effect); and 3) they showed the 
stenotic segment close to the center of the X-ray beam (to 
diminish the pincushion distortion effect). Two additional 
frames from the same tine study that included the catheter 
tip were selected; these frames were obtained usually just 
before the start of injection when the catheter tip was close 
to the center of the X-ray beam. The catheter tip was used to 
correct magnification. 
The 35 mm film was projected with a Vanguard XR-35 
projector (Vanguard Instrument Corporation) on paper, and 
the borders of the stenosis, the vessel segments before and 
after the stenosis and the catheter tip were traced several 
times and averaged. Minimal diameter of the stenotic seg- 
ment and maximal diameter of the vessel distal to any major 
branch were measured, corrected for magnification and 
averaged for the two views. Minimal diameter stenosis, 
minimal area stenosis and the percent diameter and area 
stenosis were calculated from the averaged measurements. 
All coronary artery measurements were performed by the 
same observer without knowledge of the scintigraphic re- 
sults. To determine the intraobserver variability, nine angio- 
grams were analyzed twice, with tine frames independently 
selected and not necessarily the same in the two analyses. 
The interobserver difference (?SD) was 0.08 ? 0.14 mm in 
measurement of the minimal stenosis diameter and 0.07 + 
0.24 mm in measurement of normal segment diameter (p = 
NS in both). Brown et al. (16), using computerized analysis, 
found that trained observers can measure the minimal ste- 
nosis diameter quite accurately (SD 0.100 to 0.194 mm). 
The simple method of analysis utilized in this study, 
although it decreases the pincushion distortion effect, does 
not correct for the differential magnification of the catheter 
tip and the coronary artery when they are lying in different 
planes; this difference is expected to be less in proximal 
stenoses. Dimensional errors due to uncorrected angio- 
graphic distortion seldom exceed 15% (17). 
Statistical analysis. Single and multiple linear regression 
analysis were used to study the relation of thallium uptake 
and washout to the severity of coronary stenosis, normal 
vessel diameter, maximal exercise heart rate, double (heart 
rate x blood pressure) product and exercise duration. Linear 
equations best described these relations. A value of p < 0.05 
was considered significant. 
Results 
Relation of coronary stenosis dimensions to myocardial 
thallium-201 concentration ratio (Table 2, Fig. 2). The cor- 
Table 2. Correlation Matrix of Thallium-201 and 
Angiographic Data 
Minimal Minimal 
% Diameter Diameter Area 
Stenosis Stenosis Stenosis 
All Patients 
MTC 
Washout 
r = -0.33 r = 0.47 r = 0.54 
p c 0.07 p i 0.01 p < 0.01 
r = -0.20 r = 0.25 r = 0.28 
p = NS p = NS p = NS 
Patients Without Collateral Channels (n = 25) 
MTC r = p0.51 
p <: 0.01 
Washout r = -0.37 
p < 0.06 
Abbreviations as in Table 1. 
r = 0.73 r = 0.72 
p i 0.001 p < 0.001 
r = 0.50 r = 0.45 
p < 0.01 p < 0.02 
relation of the coronary stenosis dimensions and myocardial 
thallium-201 concentration was significant only with minimal 
diameter stenosis (r = 0.47, p < 0.01) and minimal area 
stenosis (r = 0.54, p < 0.01). When the five patients with 
angiographically visible collateral channels were excluded, 
the correlation improved. Thus, the correlation was 0.73 
with minimal diameter stenosis 0.72 with minimal area 
stenosis (p < 0.001 for both). These correlations were better 
than those between thallium concentration ratio and percent 
diameter stenosis (r = -0.51, p < 0.01) or percent area 
stenosis (r = -0.50, p < 0.01). When patients with inade- 
quate exercise end points were excluded, no further im- 
provement in correlation was noted. 
The myocardial thallium concentration ratio did not cor- 
relate with the maximal exercise heart rate (r = 0.19, p = 
NS), duration of exercise (r = 0.007, p = NS) or rate- 
pressure product at peak exercise (r = 0.25, p = NS). 
Multiple regression analysis showed that the minimal 
diameter stenosis was the only signijcant predictor of myo- 
cardial thallium concentration. Although the purpose of the 
study was not to define the critical stenosis detected with 
thallium-201 exercise testing, we noted that the regression 
line at a myocardial thallium concentration ratio value of 
0.90 corresponded to 50% diameter stenosis and 1.3 mm 
minimal diameter stenosis. The lowest myocardial thallium 
concentration ratio recorded was 0.45, representing a little 
more than 2:1 apparent blood flow ratio between the nor- 
mally and abnormally perfused myocardial segments. Be- 
cause attenuation due to breast or diaphragm may affect the 
results of myocardial thallium concentration ratio, we ana- 
lyzed the results in men and in patients with isolated left 
anterior descending coronary artery disease. The results 
were unchanged; thus in 20 men with no collateral channels, 
a significant correlation was noted between the thallium 
concentration ratio and minimal diameter stenosis (r = 0.7 1, 
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Figure 2. Correlation in 25 patients with no 
visible collateral channels between myocar- 
dial thallium concentration ratio and minimal 
diameter stenosis (left), minimal area stenosis 
(center) and percent diameter stenosis (right). 
The dashed lines represent I SD. 
v--f 
0.37 Q62 0.67 1.12 I.37 
Mlnimal Diameter Stenosis (mm) 
p < 0.0004) and with minimal area stenosis (r = 0.71, p < 
0.0005). Similarly. in 15 patients with isolated left anterior 
descending artery disease and no visible collateral channels, 
a significant correlation was noted between the thallium 
concentration ratio and minimal diameter stenosis (r = 0.72. 
p < 0.001) and minimal area stenosis (r = 0.71, p < 0.003). 
Relation of coronary stenosis dimensions to the myocardial 
thallium-201 washout ratio (Table 2, Fig. 3). The relation 
between the washout ratio and minimal diameter stenosis 
(r = 0.50) or minimal area stenosis (r = 0.45) became 
significant only after exclusion of patients with angiographi- 
tally visible collateral channels. The correlation was not 
significant with percent diameter stenosis or percent area 
stenosis. The lowest washout ratio value had a negative 
value, representing a fill-in of the defect. Highest washout 
ratios having values > 1 were seen in segments that visually 
appeared to have a persistent defect. These segments corre- 
sponded to segmental hypokinesia on contrast ventriculogra- 
phy. 
Dimensions of the stenotic and normal coronary vessels. 
The minimal diameter and cross-sectional area of the stenot- 
ic segment and the diameter and cross-sectional area of the 
normal vessel are analytically presented in Table I. The 
range of diameter stenosis studied was 0.2 to 1.3 mm, and 
Figure 3. Correlation in the same 25 f 
patients between thallium washout 2 
ratio and minimal diameter stenosis f 
(left). minimal area stenosis (center) Z 
and percent diameter stenosis (right). 
aIs 0.45 0.75 IDS 1.35 
Minimal Area Stenosis (mm21 
I I I I 
56 64 72 60 
% Diameter Stew&s 
1.20 ,’ 
. ,’ I’ 
the range of percent diameter stenosis was 53% to 90%. 
Proximal vessel dimensions similar to the dimensions seen in 
this study were present in 65% of the patients with three 
vessel disease studied by Harrison et al. (3) and 30% of the 
patients with one vessel disease studied by Wilson et al. (18). 
Whether this difference is due to a smaller sample size or 
more diffuse disease than suspected is not clear. Consider- 
able variation in diameter of coronary arteries is common in 
patients undergoing coronary arteriography. There was no 
significant relation between the cross-sectional area of the 
normal vessel and the myocardial thallium concentration 
ratio (r = 0.30. p = NS). 
Discussion 
In this study, the relative spatial and temporal quantita- 
tion of myocardial thallium-201 scintigrams was correlated 
with quantitative measurements of coronary artery stenosis. 
The results suggest that minimal diameter stenosis and 
minimal area stenosis correlate better with regional myocar- 
dial thallium concentration than does percent diameter ste- 
nosis. Similar results were obtained when only men or only 
patients with isolated left anterior descending artery disease 
without collateral flow were considered; these subgroups 
0.15 0.45 0.75 1.05 1.35 56 64 72 80 
Minimal Area Stenosis (mmz) % Diameter Stenosis 
0.37 0.62 0.67 I.12 1.37 
Mlnimal Diameter Stenosis (mm) 
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analyses were done because of the potential impact of 
attenuation on the observed correlations. 
Thallium-201 distribution and regional coronary perfusion. 
Experimental and clinical studies (4-6) have demonstrated 
that distribution of thallium-201 immediately after its injec- 
tion is proportional to regional coronary blood flow. In 
contrast, the 3 to 4 h delayed images reflect myocardial 
viability rather than coronary stenosis (19). The rate of 
redistribution is related to the initial thallium-201 concentra- 
tion in the myocardium, blood pool thallium concentration 
and rate of thallium clearance from blood. The thallium 
washout rate did not correlate as well with the severity of 
stenosis as did the initial thallium concentration in the 
myocardium. 
In this study, we used the ratio of thallium-201 counts of 
the segment perfused by the stenosed coronary vessel to the 
counts of the segment perfused by a normal coronary artery 
immediately after exercise to represent the relation of flow 
between the ischemic and normal segments of the heart. This 
ratio has been shown in dogs to correlate linearly with the 
flow ratio determined by microspheres (8) and in men with 
the flow ratio determined by the regional clearance of 
xenon-133 (6). 
This regional difference in perfusion is underestimated by 
current scintigraphic methods because of overlap of normal 
and ischemic myocardium, inhomogeneous background. tis- 
sue attenuation and subject and cardiac motion (8.20). In the 
clinical setting, other variables (namely, muscle viability, 
dynamic changes in stenosis severity [21], the presence of 
collateral channels [22] and the level of exercise) may also 
affect myocardial thallium concentration activity. In our 
study. patients with well developed collateral channels had 
higher (but not normal) myocardial thallium concentration 
ratios (that is, less regional difference in perfusion for a given 
coronary stenosis severity). Exclusion of these patients 
improved the correlation between the myocardial thallium 
concentration ratio and the angiographic measurement of 
coronary stenosis (Table 2, Fig. 2). These expected results 
suggest a functional role of collateral channels in improving 
regional blood flow. The exclusion of patients with inade- 
quate exercise end points did not, however. change the 
correlations, probably because of the small number of pa- 
tients. The outliers in the entire group of 30 patients had 
collateral channels or a combination of collateral channels 
and inadequate exercise end points. Despite these limita- 
tions, a significant correlation was found between the myo- 
cardial thallium concentration ratio and the angiographic 
measures of stenosis severity similar to the correlations 
reported between coronary flow reserve and angiographic 
measures of stenosis (18,23-28). 
Thallium-201 washout ratio and coronary flow. The wash- 
out ratio showed a poor correlation with the angiographic 
measures of stenosis severity, probably partly because re- 
distribution is indirectly dependent on myocardial flood 
flow. Our results agree with those of Steingart and Cohen 
(8). The correlation coefficients for the relation between 
myocardial thallium concentration ratio and angiographic 
degree of stenosis were better for minimal diameter stenosis 
(r = 0.74) than for percent diameter reduction (r = 0.55); this 
finding is consistent with data from other reports (3), which 
emphasize the importance of minimal diameter stenosis as 
opposed to percent diameter stenosis when determining the 
physiologic significance of obstructive lesions. All of our 
patients had proximal stenosis. Thus, in a mixed group of 
patients with proximal and distal coronary artery disease, 
the relative merits of percent diameter stenqsis and minimal 
diameter stenosis remain unknown. A difficulty arises in that 
each coronary artery should have its own critical stenosis 
diameter, depending on the amount of myocardium it sup- 
plies (25). It is apparent that a given absolute dimension may 
be normal for a distal segment of a coronary artery, but 
would indicate severe narrowing if present more proximally 
in that artery. Selection and analysis of groups of patients by 
location of coronary stenosis and extent of vascular territory 
and exclusion of patients with left ventricular hypertrophy 
may improve the correlation between physiologic and angio- 
graphic measures of stenosis severity. The utilization of 
tomographic thallium imaging (29) and newer imaging 
agents, such as technetium-99m methoxy-isobutyl isonitrile 
(30). may improve the results even more because of the lack 
of overlap and superimposition and the improvement of 
attenuation problems seen with the weaker energy emitter 
(thallium-201 ). 
Technical factors. The importance of technical factors is 
demonstrated by the ability of Gould et al. (31) to detect a 
47% stenosis in dogs with this imaging technique. In our 
study, the estimation of the regional difference in perfusion 
as represented by the myocardial thallium concentration 
ratio was limited by the characteristics of the planar thal- 
lium-201 images. According to Gould (5), a flow differential 
between the normal and the stenotic coronary artery (the 
increase in flow induced by a vasodilator) of 2.4 ? 0.4 was 
required to cause a definite defect in the thallium image. This 
large differential flow requirement is partly explained by the 
reduced extraction of thallium-201 with increasing blood 
flow rates. There is. however, experimental evidence (16) 
that the relation may indeed be linear if flow changes are 
secondary to metabolic demands, as compared with a non- 
linear response when hyperemia is produced in excess of 
oxygen demand. This difference may be related to the 
considerably lower increase in flow often seen during exer- 
cise compared with the increase due to pharmacologic 
coronary vasodilation (5). In an experiment by Steingart and 
Cohen (8) the ratio between the normal to stenotic myocar- 
dial blood flow (measured by radioactive microspheres) was 
correlated with the myocardial thallium concentration ratio 
in exercising dogs. A decrease in myocardial thallium con- 
centration was evident at a flow differential of 1.6. In our 
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study, a myocardial thallium concentration ratio of ~0.9 
between the segment perfused by the stenotic coronary 
artery and the segment perfused by a normal coronary artery 
was produced by a minimal diameter stenosis of <I .3 mm. 
This value does not set the limits of detection of significant 
coronary stenosis by exercise thallium-201 scintigraphy (28). 
Minimal diameter stenosis as an index of severity of coro- 
nary stenosis. Three recent editorials in the Journal dis- 
cussed the limitations of the coronary angiography (the 
“battered gold standard”) in determining the hemodynamic 
significance of coronary stenosis and the merits and limita- 
tions and availability of alternative techniques. The minimal 
diameter stenosis may not be the ideal measurement in all 
patients, but it may be superior to percent diameter stenosis 
because it accounts for both localized and diffuse disease. 
This index is useful in proximal stenosis but, unfortunately. 
as noted by Vogel (32), no single value for functionally 
significant minimal cross-sectional area is possible for the 
wide range encountered in proximal and distal coronary 
artery disease. Assessment of coronary blood flow or re- 
gional perfusion is especially important in moderately severe 
stenosis as defined by angiography. Our findings extend 
those of Zijlstra et al. (2) by using quantitative assessment of 
the severity of the perfusion deficit. 
Conclusions. Variation in thallium-201 kinetics in relation 
to severity of coronary stenosis can be demonstrated with 
conventional imaging in patients with one vessel coronary 
artery disease. Myocardial thallium-201 concentration and 
washout ratios are physiologic expressions of the severity of 
the perfusion deficit and are affected by the presence of 
collateral channels. The minimal diameter stenosis is a better 
expression of the severity of coronary stenosis than is the 
percent diameter stenosis, even in patients with one vessel 
disease. It will be interesting to study changes in myocardial 
thallium concentration in relation to changes in stenosis 
dimensions after coronary angioplasty and to use this tech- 
nique in the follow-up study of these patients (35). Future 
studies should evaluate thallium kinetics or newer techne- 
tium-bound imaging agents using tomographic techniques 
with measurements of coronary blood flow. 
We thank Judy Hooker. Linda Mar$h and Phyllis Hartsfield for secretarial 
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